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The present invention relatPQ t« „ „ 

process of this invention. h '° h have been Prepared for the 

The fungicidal strobi,urins have previously b e «nH , 

•ater WO- A , 5/21 153 and Woj!^^*^ * ^-95/187*9 or the 
laboratory routes which for large scale orod'Jr " diSC '° Sed lherein are «W** 

mention now provides a nJL^^^ *» «~ ~. The present 
Production which allows the production of Zb °' ^ lndUsWa » 

industrial production process " UnnS ^ itS ^ Mediates in an 



The fungicidal strobilurins have the general formula , 




(I) 



wherein 
Ri is hydrogen, fluord or chloro 

X is NH or oxygen. 



WO 00/34229 



-2- 



PCT/EP99/09705 



table 1: 
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CO— X-CH 3 



/^\^C=N-0-CH 3 
Us,, ( » s ) 



CH 2 Hal 

or bromine. 



formula II are 

o 

ii 

H 3 C— CH 2 — C- 

(IV) 

~ 9 the res c k ::r e ^ — - - - or , Pentyl „ iwte , and 

HO-N o 
H 3 C-C— \\__ R 





2 (V) 



~^^i d r^^-r of ,onT,u,a ■ im ° - °~ - 

•he f^EMorm thereof. <WH»*» o, compound „ , nt0 predominantly 

The two-step process of , he jny v II ) m ,„ k 

scale vessels. The firs, step MV - V , , 7 ° U ' 

step ( |y- v.) . advantageously conducted in an inert organic 
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solvent, e.g. tetrahydrofurane. dioxane, toluene, xylenes or a cyclic hydrocarbon like 
cyclohexane, methylcyclohexane, or Iso or n-pentanol, etc. at temperatures between -20°C 
and + 60-C, with -5»C to + 40»C, and especially + 25°C to + 40°C, and even more +10-C to 
+40-C being preferred. In the second step the keto group isreplaced by the methoximino 
function in a single step reaction. The resulting intermediate may be isomerised in situ in the 
work-up solution and it may be isolated therefrom, if desired. However, for the large scale 
production process it is even more advantageous to use the work-up solution directly for the 
coupling of intermediate II with the intermediate III. 

The product of formula II is preferably used in the from of the (E,E)-isomer for further 
coupling with the compound of formula III for producing the fungicidal stobilurins. 

Alternatively, the compounds of formula II may be obtained by diazotizing an aniline of - 
formula VI 



(VI) 



and reacting the resulting diazonium salt with methylglyoxaM -oxime of formula VII 

O : ; 

N-OH (V||) 

and methylating the resulting ketooxime of formula VIII 

-OH 




O N" 

\ — / 2 ( VIII ) 



with an methylating agent and reacting the resulting O-methyl ketooxime of formula IX 



ON 3 



p- 



R 2 (IX) 



with hydroxylamine. 
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Alternatively, in a variant the compounds of formula Vin m a k . 

aniline of the formula VI and reac(ing , he „!Z?ZZl?22 ^ d ' a20tein9 ^ 

formula X ^"ium salt with isopropenylacetate of 



O CH • < X > 



and reacting the resulting ketone of formula XI 



' 2 \ /r~** 



with an organic nitrite in the presence of hydrogene chloride. 

The diazotization reaction is carried out in an organic solvent with *n „ • 

The d.azonium compound is preferably reacted in the presence of Cud om 
to + 40°C.Tnore preferably -10'C to + 15°c and ■» n» 4 at ' 1 °° C 

'y .'uoio+i5C, and at pH 2-7, more preferably at oH ^ «; tw 

a^r,::^ 

Mediation of the ketooxime of formula VIII Is carried out with . m »,K , , 

m-Mbd^ d, m e,h yl su„a,e or dia 2 ome,hane T p l~ a C ^ 39en ' " 

oaroonate or sodium hydride ,„ a euitao.e solvent a, suCelT .' ° " P °' aSSiUm ' 

temperatures between -20°C and + 60»C with -5»C to +4 n«.n „ pentano '' e *- at 
^«o~ . ' n & c to +40 C, and espec ally +25°C tn 

+40°C and even more +1 0°C to +40»C in »h« 

iu u to +40 C in the presence of e.g. hydrogen chloride by 
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treatment with an organ* nitrite, e.g. an alky, nitrite as Isc or n-penty, nitrite, or an ary, 
nitnte, as phenyl nitrite 



According to the process of the invention the Mowing intermediates of formula II may be 
obtamed with high yields. Novel intermediates of fotmula „ constitute another feature of the 



present invention. 



Table 2: Intermediates of formula II 




The following Examples serve as illustration of the invention and in no way present any 
limitation. ' 



2-oxime 



ho-n Isr—OCH, 




a) (E)-1 -(4-Chlorophenyl)-propan-1 ,2-dione-2- 



oxime 



ho-n o 

, H,C— C C— <' V-ci 
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To a solution of 440 g (2 437 mn» «f 

dosed over 2 hours at +25 - C t0 +40*0 FoJL T ' 9a5e0US h ^°*'°"° acid is 
for two hours at +,5-6,0 J^^T* T *" °' M "» "** *« 

20% sodiun, catenate sotuUo ^tTb * ^ 6305 9 - 
the phases are sepata.ed The 1Z ,T ™'"^*hexane is added and 
conoentrated. The pro uoi ^ZZLZ^'T *" 

methyiovotohexane a, 0-C: sZ C l T " ™ W " h 75 9 <* 
(m-P. 115-„5C>are obtained ^ 

b) To20 0gofohlorobenzeneareadded99a rt ro sn .> ,. 

propan-,. 2 -dione- 2 -ox,n,e and ,« 7 g 0 e^, D t ' (E, - 1 -< 4 - Chlo '°P"en y „- 

O-.ethyihvdroxyi-a.ine-hydrochionde CpH 1* t aqU6 ° US S ° ,U " 0n °' 

the addition of ,00 g (, 26 mol) J ri " c ? reSU "' n9 5 ° lu,ion ls •*"»«* to 3.3 by 

evaporation ^^^j:^^^^-^ 
organic phase is washed neutral with HCI 32"/ „„h . V aCelate ' The 

Pnases are again extracted with £*TT ^ *^ 

«ys,a,„ 2 ed (rom -yicycfchexan ^ T ^ 



HO-N 1^— OCH, 
H,C-C— O— ^ V F 




a) 1 -(2,4-Difluoro-phenyI)-propane-1,2-dione 1 



F 

-oxime 
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With stirring 10.0g (0.1 mol) of sulfuric acid (95-97%) are diluted with 45 ml of water At 
+ 20*C 12.9 g (0.1 mo.) of 2>dif.uoroaniline are added in one portion. The solution warms 
up to t 38*C and the 2,4-difluoroani.ine-sulfate precipitates as a white crysta.Nne powder 
The suspension is cooled fa O'C. Within 20 minutes continuously a solution of 7.0 g (0 101 
mo.) sodium nitrite in 30 ml of water is added at 0»C to 5'C. Close to the end of the addition 
the d,azonium salt suspension is diluted with 150 ml of watento allow further stirring The 
viscous suspension is allowed to be stirred for another 15 minutes before 0.6 g of amido- 
sulfunc acid in 4 m. of water are added to inactivate the excess nitrite. 

In a separate beaker to a mixture of 8.3 g sulfuric acid (95-97%) and 60 ml of water 
8,7 g of ant.-methylglyoxal-1-oxime is added. To this mixture 5.0 g of copper sulfate 
pentahydrate and 5 g of sodium sulfite are added. The dark-greenish solution is cooled to 
0°C and stored. 

With vigorous stirring and cooling the diazonium salt solution is added within 1 0 
m.nutes to the anti-methylglyoxal-oxime solution at 0'C. The viscous suspension is stirred 
for 5 hours at 0«C and then with continued stirring for 16 hours allowed to warm up to room 
temperature. After this period the yellow suspension can be stirred easily. 

The mixture is saturated with solid Nad and fi.tered. The brownish residue is washed 
w,th 50 ml of water. This crude product is taken up with 100 ml of 1N sodium hydroxide 
solufon and again filtered. The residue is discarded. The orange filtrate is added to 40 g of 
.ce and adjusted to P H 1 by adding 2N HCI. The solid residue is separated and washed with 
water. Forjurther purification the residue is solved in 300 ml of ethyl acetate/hexane (1-1) 
and f,ltered through 20 g otsilicagel. Evaporating of the solvent and drying yields 7 52 g of 
1-(2.4-dif.uoro-phenyl)-propane-1,2-dione-1-oxime, m.p. 126^129»C. After recrystallisation 
from methylcyclohexanone the melting point is 1 33-1 35°C. 

j 

b) (E)- 1 -(2,4-Dif luoro-phenyl)-propane-1 ,2-dione-1 -(O-methyl-oxime) 




258 g potassium carbonate is added to a solution of 310 g 1-(2,4-difluoro-phenyl)-propane- 
1 .2-d.one-1 -oxime in 2 1 acetonitrile. After stirring for a half hour 265 g methyl iodide is 
added dropwise at + 35«C to + 40«C. The reaction mixture is stirred for 5 hours and then 
diluted with 2 I water. After extraction with 5 . ethyl acetate the organic layer is washed two* 
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fold with 2 I sodium chloride solution (25°/ 1 fl „H * • . 

■ .Cuene containing ,00 g HyHo and 13 g , * ""*» « +7 °' C *> « 

Wraiion o( ,he cold soluh'on ihrouoh siiicL T " """^ '°» owe ° "y 

3 . 7 g of an ora „ 8e „„ containina :xtr;r of *• soivent and **« »~ 

A solution of 4.26 a VFUi to a w«i 

■ ^^i^^^^' <*~*~^ an. 

addition o, SO m, ica-coid wa.er a y e „ ow „„ T *° +9 °' C *» 2 h °""- After 

no., F i„ra,ion. washing v* wat er « T"^ """" ^ 

recryslaiiizarion in e,hy, acera.a/naxane givas 4 t 0,1"!*" ^ Pl " i "' CaU ° n by 



HO-N N — OCR, 
H,C— C O f \\ 




a) 



(E)-1-(2,4- D ifiuoro-phenyl)-p r opane-1, 2 .d, 0 ne.2-oxime 




<'°<^°<Pen,y, niW1 aa,aad^ 

to + ,5-C during wWcn time . ,*™1T " *™ d ** a " h ° U ' a < +WC 
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propa„e.,.2K ) ,o„ e - 2 .ox lm e( m .p. 99 . l01 . c)arsobtainedin886%yield » 

ILJrl ^ °' t0 ' Uene ™ ^ ° <1 - 00 m °" °' < E )-H2.4-di,,uoro-pheny„. 

^em^xy.-a^yd^oHde. The resuiUng mixture ls heated t0 +65x and m 
.76 mo,, oMnelhylamlne ,s dosed over 1 .5 ,o 2 hour, During the dosing the , nt e mal 

- tor . ^er 10 hours a, ,he reaction temperature of +85 - C : The P H of the reaction mixture 

8 (0.26 mo ) o. 32 % hydrochloric acid. Subsequent phase separation removes with the 
aqueous stream the waste containing triethylamine-hydrochloride. The (E.E/E Z)-,.(2 «. 

,de products by the addition o, 200 g o, water end 17, g (,. 29 mol) of . 30 % 
hvdmxtd so,u.,on a, + 20=C ,0 + 25=C. A second extraction with 50 g o, water end 41 g 

17 " * 30 % S ° diUm h » «**» * Pe^ed. The toiuene stream containing 
the product waste is removed by phase separation. The (E.E/ E ,Z)-,.( 2 ,4.dif,uoro- 

s P at!fo T P r e '' ,2 " di ° ne " 1 - ( °: m ^-ox'-e)-2-o>dme product is se, free from its sodium 
loo o7 ,Z " 200 » «- 75 ™.) of 32 % hydrochloric acid a, 

2 u ,T 8 3380 °' ' reSh '° ,Uene ,S adde ° " ,0 •*«* *» organic product. 
The pH of the mixture is adjusted ,0 less man pH 0.7 by the addition of a further small 
quanfty of 32 % hydrochloric acid. Phase separation removes the aqueous phase 
containing the salt waste. Isomerisation of the product ,0 a isomer ratio (E.E/E.Z: 92 8) is 
obtatned (if desired) by the addition of 7 g (0. 06 mol) of 32 % hydrochloric acid a. +63-C to 
-65-C followed by a 2 hour period of stirring. The addition of 76g o, water at +63-C to 
+65-C and a subsequent phase separation removes final treces of acid. Any remaining 
traces of water are removed with an azeotropic vacuum distillation. Finally 82 g of 1-methyl- 
2-pyrralidone are added ,0 the product solution ,0 prevent product precipitation during 
storage a, room temperature. The yield of the reaction (all Isomers) is 64%, giving a 100 % 
contentof146g(0.64mol)fortheproductsoluUon. " 
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EXamp,e * !g ^ Shlm ^^^ 



CO—O-CH, 



^Tn^C =N-0-CH 3 
^^CH r O-N= C- 



? 
N 



I 

CH, 




CI 



resulting suspension is healed a, + 80- C tost! f PO,a5SiUm Ca """' ate - ™» 

added to the suspension foliowed by an ext JT* k ro ° m ,emperalura 400 «* °< wa.er is 
oiganlc product phase is washed 1"£T W ? ' " ^ " "» ^ ^ 

sulfate and filtered. To ,he crude prodjc, 1 J " *" We ' «-•"*«. 

added whereafter .he' pure J 2 ,4 1," „ ^ ^ ""P*"*" h — <* ,' 

elhylideneaminooxymeZ nh ' ^"^^'^^"''"d-l-meu.yl. 

h e*ane: 2 ,sjr^^^ 

Example 5: (2-f2-f2 4.nm. ph: 

aminoovYmot^yii phc ^ 



oc: 



CO— O-CH, 



C=N-Q-CH, 



o 

; t 
N 



*CH r o-N: 



'"~ C_^ ^ 



= c- 

I 

CH3 




To 150 ml of acetonitrile are added i7in/7^ 

^ . cluaea 1 Al g (75.0 mmo ) The (E E/P 7> 1 /o a w« 

Cometh «J^Ja^,-»- 
POlassium caroonate. The resu„ing suspension is Heated a" ' « H <,2 ° mm0,) °' 
temperature 400 ml of water is added .n .h • h0ure - Al room 

200 m, amy. acetate. The ^ ^ 7^" '°" 0Wed * an ~" 3 X 
dded over magnesium JZT^ZZZ^T^^ ^ 
evaporation hexana ,s added wherea T» £ °" "f^ * S — 

methoxyimino-1-methyl-ethvliden^^- t2-(2."-d.fluoro-phenyl).2. 

methyl ^^eneammooxymethy.J^enylJ-methoxyimino-aceUc acid 
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methyl ester crystalUzesfrom hexane: 24.9 g, 76.6 % of theory. The product is a mixture of 
two isomers, E.E.E and E.E.Z, at a ratio of 87:13, m.p. 11 0-11 9"C 

Example 6: 1-f2.4.Difl,.nm. D h e nvn-nmp a no.o.»». 

F. 

H 3 C U— CH 

With stirring and cooling 132.0 g (1.32 mol) of concentrated sulfuric acid are diluted with 
375 ml of water. At 10-15 "C 78.7 g (0.60 mol) of 2.4-difluoroaniiine are added and the ' 
resultmg suspension is treated with 104.6 g (0.606 mol) of a 40% solution of sodium nitrite 
in water at 0-3 °C over 45 minutes. 

In a separate reactor a mixture is prepared from 6.0 g copper sulfate pentahydrate, 1 80 ml 
of water, 0.9 g of concentrated sulfuric acid and 91.2 g (0.90 mol) of isopropenyl acetate 
To th.s mixture the diazonium salt solution and 50.4 g of an aqueous 20% sodium sulfite 
solution is concurrently added over a period of 2 hours at 10-15°C. The mixture is stirred for 
anotherhour before it is extracted with two portions of toluene. The combined organic 
layers are washed with a diluted bicarbonate solution and brine. The solvent is removed 
under reduced pressure and the residual crude oil is distilled at 75-80 «C / 5 mbar 85 8 g of 
pale yellow 1 -(2,4-d.f luoro-phenyl)-propan-2-one are obtained in 82.9 % yield. 

IxampJeT; (E)-1.(2,4-nif| l .oro-nhenvh.nrnp a no. i.2. dinnfi 

OH F 

A solution of 140.2 g (0.80; mol) of 1-(2,4-difluoro-phenyl)-propane-2-o n e in 550 g of 
methylcyclohexane is warmed up to 30-35 »C. Over a period of 2 hours 96.6 g (0.80 mol) of 
.soamyl nitrite is added while a slow stream of dry hydrogen chloride is fed subsurface into 
the reactor. Following the end of the addition the batch is stirred for 15 minutes at 30-35 •© 
before the suspension is cooled to 0 »C. The product is isolated by filtration and the filter 
cake is washed with 1 50 g of methylcyclohexane at 0 »C: 1 46.9 g of (E)-1 -(2,4-difluoro- 
phenyl)-propane-1,2-dione 1-oxime (mp. 133-135 »C) are obtained in 89.5% yield. 



